Background: Migraine prevention guidelines recommend oral prophylactic medications for patients with frequent headache. This study examined oral migraine preventive medication (OMPM) treatment patterns by evaluating medication persistence, switching, and re-initiation in patients with chronic migraine (CM). Methods: A retrospective US claims analysis (Truven Health MarketScan Õ Databases) evaluated patients 18 years old diagnosed with CM who had initiated an OMPM between 1 January, 2008 and 30 September, 2012. Treatment persistence was measured at six and 12 months' follow-up. Time-to-discontinuation was assessed for each OMPM and compared using Cox regression models. Among those who discontinued, the proportion that switched OMPMs within 60 days or reinitiated treatment between 61 to 365 days, and their associated persistence rates, were also assessed. Results: A total of 8707 patients met the inclusion/exclusion criteria. Persistence to the initial OMPM was 25% at six months and 14% at 12 months. Based on Kaplan-Meier curves, a sharp decline of patients discontinuing was observed by 30 days, and approximately half discontinued by 60 days. Similar trends in time-to-discontinuation were seen following the second or third OMPM. Amitriptyline, gabapentin, and nortriptyline had significantly higher likelihood of nonpersistence compared with topiramate. Among patients who discontinued, 23% switched to another prophylactic and 41% re-initiated therapy within one year. Among patients who switched, persistence was between 10 to 13% and among re-initiated patients, persistence was between 4 to 8% at 12 months. Conclusions: Persistence to OMPMs is poor at six months and declines further by 12 months. Switching between OMPMs is common, but results indicate that persistence worsens as patients cycle through various OMPMs.
Introduction
The definition of chronic migraine (CM) has been updated with the third edition (beta version) of the International Classification of Headache Disorders, and is described as headaches that occur on 15 days per month with 8 days per month meeting criteria for migraine and/or for which a migraine-specific medication was used (e.g., triptans or ergot) for >3 months (1) . General migraine, often referred to as episodic migraine (EM), is characterized by the presence of migraine with <15 headache days per month. Chronic migraine is a highly burdensome disorder that has been shown to significantly lower quality of life, and leaves many patients unable to perform daily activities (2) (3) (4) (5) (6) .
Patients with CM also use significantly more resources, including increased healthcare provider visits, emergency department visits, and diagnostic testing (3, 5, 6) . Chronic migraine is three times more common in women, and prevalence peaks between the ages of 25 and 55, ranging from 1.4 to 2.2% among adults worldwide (7, 8) .
Guidelines from the American Academy of Neurology and the American Headache Society for the prevention of EM recommend that patients with frequent debilitating headaches start pharmacological treatments with oral migraine preventive medications (OMPMs). Treatment with propranolol, timolol, amitriptyline, divalproex, or topiramate is suggested as being most efficacious (9) . Although clinical trial results have demonstrated that these medications are efficacious for migraine prevention in patients with EM, only topiramate has been studied for migraine prevention in patients with CM in randomized clinical trials (10, 11) . Further, real-world analyses using a variety of observational methods have revealed that adherence and persistence to these medications are poor among patients with EM and CM (12) (13) (14) (15) (16) (17) .
Adherence (defined as the extent to which a patient follows their prescribed therapy over a fixed period of time) is an important component of successful oral medication therapy, and the findings from these studies highlight a large gap in care for this highly burdened population. However, there is also a lack of follow-up data about patients who are non-adherent. Persistence may be even more clinically relevant than adherence, as it measures the length of time a patient remains on therapy after treatment initiation. Persistence reflects not only a patient's adherence but also whether the medicine continues to be prescribed, which may reflect the patient's experience of efficacy and tolerability. Persistence and time-to-discontinuation of OMPMs, as well as the switching or cycling patterns among patients who discontinue these medications, have not been studied in the CM population.
The aim of the current study is to further elucidate the real-world use of OMPMs in the CM patient population by assessing persistence rates to 14 commonly prescribed OMPMs, determining the average time-todiscontinuation for each medication, and describing switching and treatment re-initiation patterns among those patients who discontinued their initial OMPM.
Methods Dataset
Data were collected from Truven Health MarketScan Revision, Clinical Modification (ICD-9-CM) diagnosis codes, Current Procedural Terminology medical procedure codes, dates of service, and variables describing the financial expenditures of both the patient and their insurance plan. The pharmacy claims database provides prescription dispensing details that include the National Drug Code and generic identifier of the drug dispensed, date dispensed, quantity and days' supply, and payments made for each claim. A separate eligibility and demographics file provides additional information about each patient, including age, gender, insurance plan type, employment status and classification, geographic location, and enrollment status by month. All patient-level identifiers are encrypted to protect patient privacy, and compliance with the Health Insurance Portability and Accountability Act of 1996 (HIPAA) was ensured by the data administrator, Truven Health Analytics (18). This study was exempt from Institutional Review Board (IRB) review by the University of Washington Human Subjects Division IRB as the dataset was created by a thirdparty analyst, confirmed to be HIPAA compliant (all data were de-identified), and did not meet the US federal definition of ''human subjects research''.
Sample selection
Subjects were selected if they were 18 years of age, diagnosed with CM, and initiated an OMPM between 1 January, 2008 and 30 September, 2012. The beginning of the look-back period was chosen as the date when the diagnosis code specific to CM (346.7) was added with the 2008 revision of the ICD-9-CM (19) . The analysis included the following commonly prescribed OMPMs: tri-cyclic antidepressants, amitriptyline and nortriptyline; selective serotonin reuptake inhibitors, citalopram, sertraline, fluoxetine, and paroxetine; serotonin-norepinephrine reuptake inhibitor, venlafaxine; beta-blockers, propranolol, metoprolol, nadolol, and atenolol; and anticonvulsant medications, gabapentin, topiramate, and divalproex. The index date was established by the first pharmacy claim for an OMPM filled among patients with a CM diagnosis.
The following patients were excluded from the analysis: patients taking >1 OMPM on the index date, and patients who did not have continuous insurance plan coverage for six months prior to the index date and 12 months post-index date. In addition, patients whose first pharmacy claim for a beta-blocker was within 12 months after a diagnosis of congestive heart failure (ICD-9-CM 398. 91 Definition and calculation of persistence, switching, and re-initiation Pharmacy claims data were collected longitudinally for each patient and used to determine discontinuation, which was defined as having a gap between two consecutive claims for the same medication >30 days from the end of the days' supply of one claim and the start date of the following claim. The date of discontinuation was then established for each patient using the day the patient was expected to run out of their medication based on the days' supply of the last pharmacy claim.
Persistence rates were calculated using six and 12-month fixed follow-up times after initiating an OMPM. Patients were determined to be persistent if the date of discontinuation was after the pre-specified follow-up period (183 and 365 days for the six and 12-month follow-up times, respectively). Switching was defined to occur when a patient discontinued one OMPM and, within 30 days prior to or 60 days after the discontinuation date of that OMPM, started another OMPM (excluding the previously discontinued OMPM). Treatment re-initiation was defined as any OMPM that was started 60 to 365 days after discontinuation of the previous OMPM (including the previously discontinued OMPM). To be included in the analysis, patients were required to stay enrolled in the health insurance plan for 12 months after each switch and/or re-initiation. Those who did not meet the criteria were described as lost to follow-up. Persistence at 12 months was also captured for patients who switched and re-initiated.
Statistical analyses
Baseline patient demographics and comorbidities, the proportion of patients who persisted, as well as switching and re-initiation rates were summarized using descriptive statistics. Comorbid conditions were defined as those with two claims at any time during pre-and post-index periods (i.e., six months before and 12 months after the index date). Kaplan-Meier (KM) curves were used to determine the time to discontinuation. Adjusted and unadjusted Cox hazard regression analyses were used to determine the likelihood (i.e., hazard) of non-persistence, using topiramate as a reference drug as it is the most commonly prescribed OMPM and the only OMPM with robust evidence of effectiveness in the CM population (10, 11) . Due to repeat testing during modeling, the alpha level for statistical significance for the regression models was set at 0.01 (99% confidence interval) using the Bonferroni correction. Discontinuation at 12 adherence months for both switched and re-initiated medications was also reported, and the discontinuation rates were compared among the first, second, and third OMPM initiated.
Results

Patient selection and demographics
A total of 121 million individuals were identified in the MarketScan Databases between 1 January, 2007 and 30 September, 2012. Of these, 74,870 patients were identified as being 18 years of age with a CM diagnosis, of whom 36,949 initiated an OMPM between 1 January, 2008 and 30 September, 2012. A total of 8707 patients (i.e., prevalent cases) ultimately met the inclusion/ exclusion criteria and were included in the analyses (Figure 1 ). Most exclusions (n ¼ 25,114) were because the inclusion criteria were not met (i.e., no continuous enrollment in the insurance plan for the pre-specified study period). Baseline clinical characteristics and demographics stratified by persistence and switching status for these 8707 patients included in the analyses are detailed in Table 1 . Appendix 1 provides data on the baseline clinical characteristics and demographics stratified by OMPM. The majority of patients were female, with a mean age of 42 years (standard deviation (SD) ¼ 12 years). A large proportion of patients were working full time (n ¼ 5124, 58.8%) and enrolled in a preferred provider organization health insurance plan (i.e., a commercial health insurance plan in which primary-care physicians are not required to make referrals; n ¼ 5555, 63.8%). Patients from all regions of the United States were represented, with the largest proportion from the South and the smallest from the Northeast. The vast majority of patients resided in or near a metropolitan area during follow-up. The CM patient sample in this analysis had considerable comorbidities, of which the most common were headache disorders other than migraine (n ¼ 4665, 54%), cancer (including patients undergoing investigations to rule out cancer, those in remission, or those undergoing active treatment of confirmed cancer; n ¼ 1895, 22%), hypertension (n ¼ 1531, 18%), depression (n ¼ 1572, 18%), sleep disorder (n ¼ 974, 11%), and gastroesophageal reflux disorder (n ¼ 918, 11%). In general, no Parameter, n (%) striking differences in clinical characteristics or demographics were noted between patients who persisted versus those who discontinued, or those who did or did not switch prophylactics. However, statistically significant differences were observed in employment status, employee classification, and certain comorbidities, although these differences do not appear to be clinically important as the general trends between groups were comparable.
Persistence and switching patterns
The proportion of patients persisting on their initial OMPM was measured at six and 12 months and stratified by OMPM class (i.e., antidepressants, beta blockers, and anticonvulsants (Figure 2) ). Low persistence to the initial OMPM was observed, with approximately three quarters of the patients discontinuing by six months (24 to 26% persistence) regardless of drug class. A sizable decrease in persistence was seen at 12 months, with an additional 10% of patients discontinuing their medication (13 to 16% persistence). The results were further stratified by each individual drug within each class of OMPM, and are provided in Appendix 2. The results were consistent across all individual OMPMs examined. Time to discontinuation from the initial, second, and third OMPM was examined using KM curves (Figures 2 and 3 ), which showed that many patients discontinued their initial prophylactic OMPM by 30 days, with half of the patients discontinuing by approximately 60 days. Following a switch to a second OMPM, time-to-discontinuation showed similar trends to persistence to the initial OMPM. For patients who re-initiated OMPM therapy, the majority of patients discontinued slightly earlier than patients who switched. Time-to-discontinuation from the third prophylactic shows that nearly half of the patients who switched to a third OMPM discontinued by approximately 30 days, with similar results for patients who reinitiated OMPM therapy. Kaplan-Meier curves for each individual OMPM are provided in Appendices 3-5. Results were similar to the overall drug classes.
Regression analyses were conducted to assess the likelihood of non-persistence to an OMPM at six and 12 months compared with the reference drug, topiramate ( of non-persistence at either six or 12 months compared with topiramate.
Following their first or second prophylactic, nearly a quarter of the patients switched to another OMPM (Figure 4) , with 10 to 13% remaining persistent on their new OMPM at the 12-month follow-up. The majority of patients (>86%) discontinued their first, second, or third prophylactic OMPM. Of those patients who discontinued their first or second OMPM, 41% reinitiated OMPM therapy within one year. Persistence rates among re-initiated patients were lower than those patients who switched OMPMs, with 4 to 8% of reinitiated patients persisting on their OMPM at 12 months. Approximately one third of the patients who discontinued treatment remained untreated for the 12-month follow-up period after discontinuation. Overall, the trends in persistence data were consistent regardless of OMPM class, with persistence decreasing over the various cycles ( Figure 5 ). Between 24 to 26% and 13 to 16% of patients remained persistent on their initial OMPM at six and 12 months, respectively. The proportion of persistent patients declined considerably by their third OMPM (13 to 20% and 2 to 13% at six and 12 months, respectively), regardless of the type of OMPM and whether they had switched or re-initiated. Data on switching and re-initiation patterns, as well as patient disposition at each treatment cycle, are presented in Figure 6 .
Discussion
This study is the first to describe OMPM persistence, time-to-discontinuation, and switching behaviors in an identified CM population. Our results indicate that persistence to OMPMs is low and decreases further as patients cycle through multiple prophylactics. The average time-to-discontinuation was about two to three months, which is in line with recommended guidelines for an adequate trial of these therapies. However, KM curves (Figures 2 and 3) showed that there was a sharp drop-off in persistence at 30 days, which may indicate that a lot of patients were not continuing treatment past their first prescription refill. Furthermore, over two thirds of patients discontinued their medication by six months and more than four fifths by 12 months. This is concerning, as guidelines recommend that patients stay on OMPM therapy for at least 6-12 months before being evaluated for discontinuation (9) . After discontinuing their initial prophylactic, only one fourth (25%) of patients switched to another medication within 60 days of discontinuation. Most patients (41%) reinitiated therapy at a later time or remained untreated for an extended period (31 to 36%). Among the patients who switched or re-initiated, we found that persistence worsened as patients cycled through their first three prophylactics.
To our knowledge, one other study has investigated persistence with OMPMs (13). This study investigated persistence to four commonly prescribed OMPMs (amitriptyline, divalproex, topiramate, and propranolol) in the general migraine population using a claims database analysis from five regional managed care organizations throughout the US. The authors found that persistence to OMPMs in the general migraine population was approximately 18.5% at six months and 11.5% at 12 months. This was similar to the rates we found (25% and 14%, respectively). The slightly higher persistence rates in our study may be attributed to the fact that our population was comprised of patients with CM rather than general migraine, and hence was a more severely affected population. Greater headache severity and frequency may be associated with a greater incentive to remain adherent on their medication due to their disease severity. The KM curves were similar between our two studies, especially in regard to the sharp decline in patients who remained persistent past the first prescription refill (30-day mark). A greater differential between persistence rates in the CM population and the general migraine population may have been expected; however, without a direct comparison with general migraine or EM, we can only speculate about whether adherence and persistence rates would vary for these populations.
Yaldo et al (13) also concluded that topiramate was associated with better persistence that was statistically significant in adjusted Cox hazard regression models versus amitriptyline, divalproex, and propranolol. Our results were slightly different in this regard. Of these three OMPMs, our Cox regression models suggested that only amitriptyline was associated with a lower likelihood of persistence than topiramate, but that divalproex and propranolol were not.
Since CM is a chronic disease, it is reasonable to also compare our results with studies of patients with other chronic conditions requiring similar daily oral medication therapy. Yeaw et al. used a national database of medical claims to compare persistence among six chronic diseases over a 12-month follow-up period (20) . Persistence in Yeaw's study ranged from 18% persistence for overactive bladder medications, to 54% for oral diabetes medications, suggesting that persistence across all six chronic conditions reported in their study was higher than in our study, where persistence at 12 months was 14% in patients with CM. One likely explanation for these differences in persistence rates may be that Yeaw et al. considered patients who were cycling between medications of the same class as being persistent. In our study, persistence was calculated for each individual OMPM, with the results then grouped by class. The rationale for our approach was that OMPMs must often be titrated downward before another medication is initiated, and the new medication may take up to three months to take effect (9) . This is very different from oral antidiabetic agents where, for example, sulfonylureas can be easily interchanged without an adjustment period. The difference in persistence among medications used for these chronic diseases compared with our results among patients with CM is still very compelling when we take into account that patients with CM experience 15 headache days on a monthly basis. Given the symptomatic nature of migraine and its interference with daily activities, one may expect the latter to motivate patients to have higher adherence (contributing toward higher persistence) compared to other chronic conditions, wherein patients do not necessarily exhibit daily signs and/or symptoms. There are several important limitations that must be considered when interpreting our results. First, we assumed that a claim represented ingestion of the medication; we have no way to confirm this. We also assumed that the ICD-9-CM codes accurately reflect the migraine diagnosis and comorbid conditions. It is possible that there are inaccuracies or inconsistences in the coding of CM and other conditions due to the number and range of healthcare providers contributing to the database, but again we have no way to confirm this. With regard to the metropolitan statistical area (MSA, an indicator of urban versus rural domicile) and employment variables, there is some uncertainty to be acknowledged as some MSA areas may actually include both rural and metropolitan areas. As for employer data, this variable describes only the person who is the primary enrollee, therefore the other beneficiaries who may comprise a subset of the overall sample may not be represented correctly in the dataset. Claims data also lack important clinical information, such as disease severity, which would aid in interpreting our results. Chronic migraine encompasses patients who experience 15 headache days per month; however, a patient who experiences 15 headache days per month may be very different from a patient who experiences 30 headache days per month. Patients along this continuum of migraine frequency may vary widely in their attitudes and behaviors related to their migraine preventive medication treatment. Finally, the severity of each headache may also vary among patients; this is not captured in claims data and thus we are not able to use such data to inform our analyses.
One of the most important pieces of information we lack is the exact reason for discontinuation of a given OMPM. This information is neither directly available nor can be inferred from claims data. Understanding the reason(s) why patients discontinue and/or switch OMPMs would help in understanding the treatment patterns we observed. One logical explanation may be that these medications are not efficacious and/or produce side effects, and patients do not feel the benefitrisk tradeoff is worthwhile. This was the finding of one large cross-sectional observational study by Blumenfeld et al. that used data from the International Burden of Migraine Survey II in 2013, where results revealed that lack of efficacy and side effects were the two largest drivers of discontinuation of OMPMs (21) . The lack of clear guidelines to inform the selection of preventive therapy in patients with CM may contribute to discontinuation, if the presumed lack of efficacy is attributed to suboptimal dosages in this population. In addition, as topiramate is the only OMPM assessed in the CM population (10, 11) , it is possible that the other OMPMs, while effective for patients with EM, are not effective for patients with CM.
A recently published systematic review of randomized controlled trials of the top three most commonly used OMPMs revealed pooled results of discontinuation and the reasons for discontinuation (16) . The most commonly cited reasons for discontinuation were adverse events, patient choice, and loss to follow-up. The results from both of these studies are consistent with our conjecture that discontinuations were due to side effects or lack of efficacy. Although the reasons for discontinuation for the patients in our current analyses cannot be known, these studies provide some insight into possible explanations.
Further investigation comparing the level of persistence in subpopulations of patients with migraine (e.g., patients with CM vs EM, patients with comorbid conditions for which OMPMs are frequently prescribed versus patients without these conditions) would be useful to help understand the impact of disease severity on OMPM persistence. In addition, clinical research into the reasons for discontinuation of OMPMs, stratified by level of evidence of efficacy, in patients with CM would further support optimal disease management.
Conclusion
Persistence to OMPMs is low among the US CM population at six months, and declines further by 12 months. Switching or re-initiating treatment after discontinuation is common, but results indicate that discontinuation rates worsen as patients cycle through additional OMPMs. Further research evaluating reasons for discontinuation and strategies to improve persistence are needed.
Clinical implications
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